During this symposium many novel boron compounds will be described, some of which have interesting properties. The emphasis is, however, on the mode of formation and the bonding involved. Possible applications of boron compounds are often neglected, although their organic derivatives have become important in the synthesis of organic compounds during the past 20 years.
INTRODUCTION
During this symposium many novel boron compounds will be described, some of which have interesting properties. The emphasis is, however, on the mode of formation and the bonding involved. Possible applications of boron compounds are often neglected, although their organic derivatives have become important in the synthesis of organic compounds during the past 20 years.
Hydroboration has become a key reaction in many synthetic routes involving both the introduction of functional groups and the formation of new C-Cbonds. The hydroboration reaction has been quite thoroughly investigated. One knows the regio-, stereo-. and enantioselectivities of the BH addition and one can apply this reaction usefully in organic syntheses. The resuine is that organoboranes and -borates often have specific properties in synthesis and &nalysis which are not usually shown by other classes of compounds. Hydroboration has opened up a great field of new synthetic possiblities as can be seen in the large number of monographs and also in certain text books. You will, therefore, understand why I do not wish to talk about this reaction today. Instead, I will deal with some new observations and some other specific applications of organoboranes.
I would like to discuss some of these topics today. All of these methods. involve the use of simple organoboron compounds. Triethylborane, ethyl-and propyldiboranes (6) , as well as certain BO-compounds such as diethylborylpivalate, bis(ethyl-pivaloyloxy)diboroxane (BEPDIB) and ethylboroxine are involved. I hope that those who expected descriptions of boron compounds with interesting new structures will not be disappointed. Special structures and properties only result on reaction with the organic substrates. We have, however, been able to prepare many new intermediates and endproducts which can only be obtained by using the element boron. Most of the reactions which I will describe proceed smoothly and yield very pure products.
HETEROATOM SUBSTITUTED VINYLBORANES About 12 years ago we first described a synthetic route to multiply substituted alkenee (Ref. 1) . It is based on the reaction of triorgano-1--alkyny].-borates with electrophiles. This reaction, which involves addition and rearrangement, has received much attention. Some of the results which have been obtained using this reaction are shown in Pig. I will concentrate on the stereoselectivity of this reaction which depends on the substitunts which are presents and on the groups which are to be introduced at C. The lack of stereoselectivity of some of these reactions has sometimes hindered their development as a useful synthetic reagent. In this case the etereoselectivity of the addition/rearrangement to the alkenes is much higher. The influence of the silicon-atom seems to be very important. Usually the reactions with 2-trimethylsilyl-ethynylborates lead mainly to one isomer: with Et, CH2NIMe2, CH2OIVIe, 'P(a6H5)2 one obtains one major product. For example, a crystalline 1,2-phosphaboret-3-ene is formed from sodium--triphenyl-2-trimethylsilylethynylborate and diphenyl-ch1oro-phosphane (Ref. 9) . The structure of the 1,2-phosphaboret-3-ene was determined by x-ray analysis (a. KrUger, MPI für Kohlenforschung, NUlheim-Ruhr).
Trimethylsilylethynylborate, however, reacts less selectively with chlorodiethylborane or with acetylchloride (Ref. 9) . The competition of the tnmethylsilyl.. and the diethylboryl groups toward the triethylboron-substituent is evident. Both isomers are formed, but one isomer rearranges.
The acetyl addition gives a nearly equimolar mixture of the two isomers.
Only the (E)-isomer, however, is isolable; this on heating rearranges to the (Z)-'isomer which in turn rapidly forms the silylated 1,2-oxaborolene- (4) after a second ethylgroup migration from 'the B-atom to the C1-atom. Pig. 5. X-ray structure of 1 , 
Me2 611B= 49.3ppm ppm
The next example of a borate/electrophile combination shows the influence of the migrating group. Sodium triphenyl-3-methyl-3-buten-1-ylborate and sodium triethyl-3-methyl-3-buten-1 -ylborate react with the triethyloxonium-tetrafluoroborate to give different types of end products (Ref. 10). Whereas the ethyl compound leads to an equimolar mixture of the (Z/E)-vinylborane, the phenyl derivative yields a Wurtz-product (15 %) and a boron heterocycle which must have formed1from the original (E)-isonier by migration of a second B-phenylgroup to the C -atom.
S fl5 = 80 ppm
Pig.
•8. The influence of B-phenyl-and B-ethylgroups on the formation of tetrasubstituted ethylenes via 1-alkynylborates
ROUTES FOR 0ETHYLBORYLATI0N
In all the reactions discussed up to now, vinylboranes are obtained in relatively good yields. We then wanted to oxidize these to the synthetically interesting vinyloxyboranes (Ref. The 0-dialkylboryl erivative is able to borylate not only alcohols and amines but also enolizable carbonyl compounds. a-Branched aldehydes react witha stereoselectivity which depends on R1 and R2 to give (Z)-and (B)-0-diethylborylaldoenoles. The reaction probably involves a six-centre transition state. The addition which is exo-like has been discussed in greater detail by Dr. Penzl in his lecture. The erythro forms can be identified by conversion to stereoisomeric 1,3,2-dioxaborinane using a hydroboration/cyclisation rea etion.
The 1H-NMR spectra of the latter can then be interpreted as a great deal of information, concerning both position and coupling constants in such heterocycles,has been accumulated in the course of our research. These OBO-rings are formed in a steplike manner. One of these steps is the ligand exchange to give a borane and an ethylboranediyl derivative. This reaction is possible without a catalyst only by heating. One mole of tnethylborane can also be eliminated from two 0-diethylboryl groups to give the O-ethylboranediyl group by the addition of catalytic amounts of BHboranes at room temperature. whereas the B-signal of the six and higher membered OBO-rings lies at 8 = +30.5 ppm (Fig. 14) . , Hc1'OH(60c) Pig. 27. Some B0-heterôcycles from ketone condensates and BEPDIB
QUANTITATIVE DETERMINATIONS OF HYDROXY-GROUPS
The activated hydrolysis of triethylborane in the presence of pivalic acid is well suited for the quantitative determination of water in salt hydrates (Fig. 28 The reactions with triethylborane, on the other hand, are fast and occur to completion at 50-60 °C. Two examples are given in Fig. 29 for the preparation of anhydrous Fe012 and SrO. The difference between activated triethylborane and ethyl-or propyldiboranes is even more noticable in reactions with the hydroxyl groups of polyhydroxy compounds. All the hydroxy groups in mono-, di-, oligo-and polysaccharides react quickly at ca. 50 00 with the first ethyl group of triethylborane ; but e.g. cellulose is absolutely inert to propyldiborane at 130 00; no gas is evolved (Ref. 15).
These differences in reactivity reflect two different mechanisms in the protolyses. In the case of activated triethylborane a two stage catalytic cycle is involved. The BH-protolysis, however, must involve the electrophilic addition of the borane to an 0-atom, which then requires a further hydroxyl group in its proximity in order -to react. Whereas the lower molecular weight polyalcohols allow such an interaction due to the conformational flexibility, the higher molecular compounds have a fixed conformation which hinders reaction.-The hydroxy group determination using activated tnethylborane is, however, not successful in all cases e.g. the carboxyl group of potassium phthalate does not react. The acidic hydrogens can however be determined quantitatively by addition of chlorodipropylborane (Ref. 23) . Similarly, reaction of sodium bicarbonate results in evolution of ethane and 1 mole carbon dioxide. The special property of the 0-ethylboranedlyl group to form intra-and intermolecular products can be used for the separation of polyhydroxy compounds.
When one mole of the aldohexoses D-glucose, D-mannose and D-galactose was allowed to react with, one mole BBPDIB at room temperature vacuum distillable bis-O-ethylboranediyl derivatives were obtained (Fig. 32) . The D-mannose derivative had a fura nose ring and the D-galactose derivative a pyre nose ring. Both structures were analogous to the 0-isopropylidene derivatives. One application of the borylation/deborylation procedure is the preparation of pure amylose. It was possible to separate the high molecular linear amylose part of native starch from the branched amylopectin part by using the simple borylation/deborylation method (Pig. 36). Anhydrous corn starch was O-diethylborylated with activated triethylborane in hexane at room temperature. The insoluble component, composed of nonborylated amylopectin, was filtered off and the soluble portion, consisting of per-O-diethylborylated amylose, was treated with methanol to give a pure amylose (Ref. borates were investigated by Dr P Binger, Dr L Hagelee and by G Seidel The stereochemistry of the vinyloxyboranes was studied by Dr W Penzl The new ways to the boronated hydroxy compounds were investigated by Dr W V Dahlhoff Last but not least the analytical methods were accurately carried out by W Schuf3ler We think that organoboranes will have a great future in synthesis and analysis
